IMPORTANCE Current comparative outcomes among black and white patients treated with percutaneous coronary intervention (PCI) in the Veterans Affairs (VA) health system are not known.
R ace has well-established associations with the quality of care and outcomes of patients with coronary artery disease. [1] [2] [3] [4] [5] [6] Black patients are less likely to be recommended to undergo invasive angiography compared with white patients. 2, 4, 7, 8 Moreover, once coronary artery disease has been found, black patients are less likely to undergo revascularization via percutaneous or surgical methods. 7 Among contemporary Medicare patients, black patients have higher intermediate and long-term adjusted mortality rates after percutaneous coronary intervention (PCI). 9 These trends persist after controlling for socioeconomic factors.
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The Veterans Affairs (VA) health system represents a unique nationalized, single-payer health care system within the United States. [11] [12] [13] In the case of coronary artery disease management within the VA system, there may exist both a diminished financial incentive among physicians for unnecessary revascularization as well as a diminished financial burden for the patient when revascularization is performed. 12 While black patients have worse intermediate and long-term outcomes after PCI than their white counterparts in non-VA hospitals, analyses of this issue in the VA system have not been performed. 9, 14 In addition, potential racial variation in procedural and postprocedural care among patients undergoing PCI at VA hospitals has not been studied to date. We hypothesized that black patients treated at VA hospitals have worse adjusted 1-year outcomes after PCI than their white counterparts. Furthermore, we hypothesized that differences in 1-year mortality are at least partially mediated by variations in procedural and postprocedural care, including stent type choice, access site, completeness of revascularization, and post-PCI medication prescription.
Methods
Data for this analysis were derived from the VA Clinical Assessment, Reporting, and Tracking System for Cardiac Catheterization Laboratories (CART-CL) program. The CART-CL program compiles data from the patient's clinical history embedded in the VA electronic health record (EHR) and captures standard patient and procedural data from all procedures performed at VA catheterization laboratories across the nation. 15 Data elements have been engineered to comply with definitions as reported in the National Cardiovascular Data Registry database. 16, 17 The VA CART-CL data are also merged with the VA EHR to derive longitudinal patient data, including pharmacy prescription and refills, inpatient data, outpatient clinic visit data, and laboratory data. Patient mortality was ascertained from the Veterans Health Administration Vital Status File, which extracts from multiple VA and non-VA data sources, including the VA beneficiary death file, the VA Medicare Vital Status File, and the Social Security Administration Death Master File. The Colorado Multiple Institutional Review Board provided waiver of consent and approval for this study.
Study Population
Patients who underwent PCI between October 1, 2007, and September 30, 2013 , with records in the CART-CL database were eligible for inclusion. The dates of analysis were January 7, 2016, to April 17, 2017. Analyses were restricted to patients listing their race as black or white, excluding all patients with multiple listed races or other races, such as Hispanic and Asian. Sites with no black patients in the cohort or that were outside of the 50 states or District of Columbia (ie, US territories) were excluded from analyses. Furthermore, we limited our analyses to patients whose diagnostic catheterization was recorded in the CART-CL database because information from the diagnostic catheterization included key covariates. Patient race was recorded in the VA Corporate Data Warehouse administrative tables. These tables contain the most recent race entered in the Veterans Information Systems and Technology Architecture (VistA) system. Because different sites may have different VistA systems, multiple entries may be found in the tables, in which case priority was given to race that was self-reported or reported by a proxy. Patients with differing self-reported races were excluded.
18 Patient zip codes were used to generate demographic information, including region of the country, median household income stratified into quartiles, and urban or rural status. 19, 20 Region of the country was defined by US Census divisions and median household income by zip code using 2006 to 2010 US Census data.
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Outcomes
The primary outcome was 1-year mortality. It was calculated as a dichotomous variable denoted as death during the hospitalization or within 1 year after hospital discharge from the index PCI. All secondary outcomes were dichotomous variables and included 30-day all-cause readmission rates, 30-day acute kidney injury (AKI), 30-day blood transfusion, and 1-year readmission rates for myocardial infarction (MI). All-cause readmissions included all inpatient and observation stays that either occurred at a VA hospital or in which the VA system was invoiced for care. Admissions paid for through private insurers or Medicare at non-VA hospitals were not captured. One-year rehospitalization for MI excluded events within 14 days of the index PCI due to inability to determine if the MI diagnosis was related to the index procedure. Acute kidney injury was defined as at least one creatinine level at least 0.3 mg/dL above baseline creatinine within 30 days of the index PCI (to convert creatinine level to micromoles per liter, multiply by 88.4).
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Baseline creatinine was defined as the most recent available value within 30 days before the index PCI.
Procedural and Postprocedural Care
If a significant adjusted mortality difference was found between races, a prespecified mediation analysis was planned to investigate the potential role of variations in procedural and postprocedural care in driving this difference. Procedural and postprocedural factors considered in the analyses included the following: (1) Because of the difficulty in imputing these variables, patients missing these variables were excluded from analyses ( Figure 1) . Two additional covariates, obesity (dichotomized by body mass index >30 [calculated as weight in kilograms divided by height in meters squared]) and fluoroscopy time, contained missing values, and fluoroscopy time also had extreme values. We discarded any fluoroscopy times greater than 200 minutes and treated them as missing data. Fluoroscopy time was summed across the diagnostic catheterization and PCI and was logarithmically transformed in the analysis to account for skew in its distribution. Obesity and fluoroscopy time results were then imputed by simulating random values from distributions, with patient-specific parameters estimated using models generated from observed data. Similar results were observed across multiple imputations; therefore, only a single imputation was used for final analyses. A sensitivity analysis performed to explore the potential influence of missing data revealed minimal influence of missing data on the final results.
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Unadjusted outcome proportions were calculated for black vs white patients, with a corresponding P value from a χ 2 test.
Results were further stratified by acute coronary syndrome (ACS) status. A generalized linear mixed model (GLMM) with a logit link compared odds of 1-year mortality for black vs white patients. The model controlled for the following: (1) patient demographics (age, sex, income, region, and urban vs rural), (2) medical history as obtained from the CART-CL database and linkage to the VA EHR (heart failure, chronic kidney disease, chronic obstructive pulmonary disease, cerebrovascular disease, depression, diabetes [with or without insulin use], hyperlipidemia, hypertension, obesity, peripheral artery disease, posttraumatic stress disorder, sleep apnea, and tobacco use), (3) procedural characteristics (fluoroscopy time, intra-aortic balloon pump use, PCI indication, positive functional study, and staged procedure), (4) PCI status (elective, urgent, or emergent salvage), (5) specific vessels stented, and (6) an index length of stay of more than 3 days. The model included a random intercept for site to account for clustering of patients within hospitals. In addition, we adjusted for a site-level variable representing the proportion of all patients receiving PCI that were black. These models were generated in R (version 3.2.5; The R Foundation) using the "glmmML" package. 26,27 Similar models were then produced for all secondary outcomes. Prespecified secondary mediation analyses addressing potential variations in procedural and postprocedural care were planned. A similar GLMM was generated adjusting for the previously mentioned covariates and random intercept, with each procedural and postprocedural care mediator as the outcome, followed by mediation analyses designed to elucidate the direct, indirect, and total influence of race on the primary outcome. To account for multiple testing, a Bonferroni correction was used. The traditional α level of .05 was divided by 13 (accounting for primary outcomes, secondary outcomes, and analyses of procedural and postprocedural care) to produce our updated level of statistical significance, 2-sided P = .004.
Post Hoc Analyses
To more fully understand the attenuation of the unadjusted difference in the primary outcome, stepwise analyses were performed. Adjustment was carried out in 4 steps whereby covariates from previous steps carried forward while assessing the change in association between race and mortality. A separate analysis was also performed adjusting for categories of covariates individually, omitting all covariates from other steps while assessing the change in association between race and mortality. In addition to age, sex, and time trend, step 1 included the following comorbidities: heart failure, chronic kidney disease, chronic obstructive pulmonary disease, cerebrovascular disease, depression, diabetes (with or without insulin use), hemodialysis use, hyperlipidemia, hypertension, obesity, peripheral artery disease, posttraumatic stress disorder, sleep apnea, and tobacco use.
Step 2 included the following presentation or anatomic factors: fluoroscopy time, intra-aortic balloon pump use, PCI indication, index length of stay exceeding 3 days, positive functional study, staged procedure, PCI status, and specific vessels stented.
Step 3 included socioeconomic status (the median household income [with zip code] and urban vs rural).
Step 4 included a site-level racial breakdown (proportion of black patients at the catheterization laboratory). Finally, BMS and β-blocker use were assessed in analyses that stratified patients according to presentation status (ACS vs non-ACS).
Results
Patients
A total of 55 563 patients underwent PCI between October 1, 2007, and September 30, 2013 , at 69 VA cardiac catheterization laboratories. After applying exclusion criteria and removing patients with missing data, the final study cohort included 42 391 patients from 63 VA hospitals (Figure 1) .
Black patients comprised 13.3% of the cohort. Black patients tended to be younger, of lower socioeconomic status, and from urban areas. Black patients had a higher burden of several medical comorbidities, including heart failure, chronic kidney disease, hemodialysis, diabetes, peripheral artery disease, posttraumatic stress disorder, and tobacco use. Black patients were more likely to be initially seen in the cardiac catheterization laboratory with ACS (33.5% vs 26.2%, P < .01) and were more likely to undergo PCI under urgent or emergent conditions (43.2% vs 36.6%, P < .01). Baseline demographic and procedural characteristics are summarized in Table 1 .
Outcomes
In unadjusted analyses, black patients overall had higher 1-year mortality than white patients (7.1% vs 5.9%, P < .001). Black patients had higher rates of 30-day AKI (20.8% vs 13.8%, P < .001), 30-day blood transfusion (3.4% vs 2.7%, P < .01), and 1-year readmission for MI (3.3% vs 2.7%, P = .01), with similar rates of 30-day all-cause readmission (13.6% vs 12.9%, P = .14). Full unadjusted results stratified by presence or absence of ACS are listed in eTable 1 in the Supplement.
In adjusted primary analyses, there was no significant difference in odds of 1-year mortality (odds ratio [OR], 1.04; 95% CI, 0.90-1.19), with similar nonsignificant results for the secondary outcomes of 30-day all-cause readmission rates, 30-day blood transfusion, and 1-year readmission rates for MI between black and white patients. Analyses of AKI involved a reduced cohort of 33 331 after exclusion of patients receiving chronic hemodialysis and those missing creatinine measurements. The adjusted odds of 30-day AKI were significantly higher in black patients than white patients (OR, 1.22; 95% CI, 1.10-1.36). Because no significant results were found in the primary analysis, the prespecified secondary mediation analyses were not reported. Full results of the adjusted analyses are shown in Figure 2 .
Post hoc analyses revealed that adjustment for comorbidities and presentation or anatomic factors attenuated most of the difference in the unadjusted primary outcome, with socioeconomic status and the proportion of black patients at a site having minimal influence on the attenuation after accounting for the previous factors. These results are summarized in Table 2 .
Procedural and Postprocedural Care
In unadjusted analyses, black patients were more likely to be treated with a BMS (21.9% vs 18.7%, P < .001), have their PCI performed via radial access (16.9% vs 11.8%, P < .001), undergo complete revascularization (51.6% vs 49.6%, P < .01), receive postprocedural ACEi or ARB therapy (63.0% vs 58.8%, P < .001), and be prescribed high-intensity statin therapy (33.9% vs 30.6%, P < .001). Black patients were less likely to have advanced intracoronary imaging or physiologic testing (FFR, IVUS, or OCT) performed (20.0% vs 22.2%, P < .001). Rates of postprocedural β-blocker use (73.4% vs 72.8%, P =.38) and adenosine diphosphate receptor antagonist (clopidogrel, ticagrelor, or prasugrel) use (90.5% vs 91.1%, P = .13) were similar between black and white patients.
After adjustment, black patients had higher odds of BMS treatment (OR, 1.26; 95% CI, 1.16-1.37), similar odds of receiving ACEi or ARB therapy (after Bonferroni correction) (OR, 1.08; 95% CI, 1.01-1.16), and lower odds of being prescribed β-blocker therapy (OR, 0.88; 95% CI, 0.82-0.95) than their white counterparts. There was no significant racial variation in other assessed measures of procedural and postprocedural care after adjustment. Full adjusted results are shown in Figure 3 .
Stratified analyses demonstrated that black patients were more likely to receive a BMS regardless of their presentation status, although this result did not meet statistical significance after Bonferroni correction among non-ACS patients (OR, 1.21; 95% CI, 1.06-1.37). Black patients with ACS remained less likely to receive β-blockers (OR, 0.85; 95% CI, 0.76-0.94). Full results are listed in eTable 2 in the Supplement. 
Discussion
The present analysis reveals no significant association between black race and adjusted 1-year mortality for patients receiving PCI at VA hospitals in the United States. In addition, there were no significant associations with adjusted 30-day allcause readmission rates, 30-day blood transfusion, or 1-year readmission rates for MI. Black patients had significantly higher associated adjusted rates of 30-day AKI after PCI than white patients, although this secondary analysis was performed on a limited cohort due to missing data. Also, black and white patients had modestly different treatment patterns during and after the PCI procedure, with black patients being more likely to receive a BMS during the procedure and being less likely to be prescribed β-blockers after the procedure. This study represents the largest modern analysis to date of the influence of race on cardiovascular outcomes among US veterans. A strength of the study is the ability to adjust for a wide range of confounders through the merging of clinical registry data with administrative claims. These data include certain medical comorbidities (major depression, posttraumatic stress disorder, and obstructive sleep apnea), socioeconomic status, regional variation, and urbanization of populations, each of which has individually been implicated in worse outcomes in prior studies [28] [29] [30] [31] [32] [33] [34] [35] [36] of cardiac patients but may not be as easily captured in pure administrative dataset analyses. Several prior analyses of the influence of race on PCI outcomes in non-VA populations have been performed. That study demonstrated a significantly higher adjusted mortality rate in black patients compared with white patients over a 30-month follow-up period. There are several possible explanations for the difference in significance seen between the present VA analysis and that of Medicare patients treated in non-VA hospitals. First, the Medicare analysis reported a hazard ratio of 1.08 (95% CI, 1.04-1.12) for long-term mortality. The estimate for the adjusted OR for 1-year mortality in the present analysis is 1.04 (95% CI, 0.90-1.19). With the low mortality rates in these studies, ORs approximate hazard ratios, so the point estimates from the prior Medicare study and our work are similar. One explanation for the difference in statistical significance between the studies could be the larger sample size and narrower 95% CI in the Medicare study. The 95% CI in the present study indicates a range of likely mortality influences and excludes extreme differences in mortality between racial groups. It should be noted that the VA system has key system differences that could also have a role in creating differential PCI outcomes compared with the private sector. The VA system is an integrated health system that provides primary and specialty care, inpatient services, and outpatient pharmaceuticals. Integrated health systems have been associated with reduced racial outcome disparities in some medical conditions.
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In post hoc analyses, we found that differences in the unadjusted primary outcome were primarily attenuated by adjustment for comorbidities, presentation, and anatomic factors, as summarized in Table 2 . Black patients had a greater Values greater than 1 indicate higher odds for black vs white patients. burden of medical comorbidities and manifested higheracuity presentations than their white counterparts. Adjustment for socioeconomic status and site-level racial mix had minimal influence on our point estimate after adjustment for the above, indicating that most of the unadjusted mortality difference seen between races was not based on patients' relative wealth or where they were treated. However, reduction in racial disparities relating to prevention and treatment of chronic comorbidities may lead to improved absolute outcomes among black veterans undergoing PCI. Despite similar mortality and recurrent MI rates, black patients had higher rates of associated postprocedural AKI after PCI in our analysis. Given the large number of patients with missing creatinine measurements during follow-up, we believe that this result should be interpreted with caution. Data from prior large epidemiologic investigations have suggested that black patients may be more vulnerable to AKI than white patients. 40 However, there is little research investigating possible pathophysiologic mechanisms for this finding. Despite the issues with missing data noted above, the present study represents the largest comparison to date of postprocedural kidney injury between racially distinct populations. In addition, 2 important differences were manifest in procedural and postprocedural treatment patterns between black and white patients. First, black patients were less likely to receive a DES over the study period regardless of whether they were initially seen with stable coronary artery disease or ACS. This finding is consistent with multiple prior analyses of non-VA patients. 41, 42 Drug-eluting stent use is influenced by individual case characteristics and socioeconomic status, 42 and the disparity in DES use in our analysis persisted after adjustment for these factors. Prior DES vs BMS analyses have shown that randomized trials do not demonstrate mortality differences between the stent types, while observational studies often do, likely because of residual treatment selection bias even after attempts at adjustment.
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The lack of mortality difference seen in the present study despite differential DES use may reflect our ability to more fully adjust for confounders compared with prior large observational studies of PCI. Second, black patients were less likely to be treated with β-blockers after PCI regardless of their presentation status. 
Limitations
Several limitations of this study should be noted. Most important, as an observational study, unmeasured confounding cannot be excluded. However, we used multiple datasets to account for a wide range of demographic, clinical, procedural, and socioeconomic variables. A 1-year period for our primary end point was chosen to focus on mortality rates that might be attributable to the decisions made during and immediately after the PCI procedure. Differences in mortality between races may emerge over greater lengths of time, which may or may not be influenced by the PCI procedure. In addition, all secondary outcomes may be limited by some degree of potential underreporting due to care provision at non-VA facilities that is paid for through private insurers or Medicare. We do not have information to judge whether this underreporting is differential by race. Also, we cannot account for a higher rate of case fatality for black patients with coronary artery disease before their presentation in the interventional suite. Finally, for many of the reasons listed previously, the VA population and delivery of care are unique, and our results may not apply to non-VA populations.
Conclusions
Black patients had a higher rate of mortality than white patients after PCI in unadjusted analyses. However, race was not independently associated with 1-year mortality among patients receiving PCI in VA hospitals. 
